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(57) A wheel-drive apparatus for an automobile 
comprises a fixed outer race (3) adapted to be fixedly 
connected to the suspension and having an inner pe- 
ripheral surface on which outer ring raceways in rows 
are formed, a wheel-supporting hub having a first inner 
ring raceway formed at a middle portion thereof, and a 
fixed inner race at an inside end portion thereof, the in- 
ner race having an outer peripheral surface on which a 
second inner ring raceway is formed, and the hub (4) 
having a first spline hole (14) formed at the center there- 
of f and a plurality of rolling members (6) rotatably pro- 
vided between the outer ring raceways and the first and 
second inner ring raceways, respectively. 

A stop ring (33a) is provided between and engaged 
with the radially inside fitting portion and the radially out- 
side fitting portion to prevent the spline shaft (1 7a) from 
coming away from the spline hole (14). 


Fig. 1 
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Description 

Background of the Invention 
Field of the Invention 

wheels for a FF car (front engine, front-wheel dnve), rear wheete for a FR c «^ en9 ^ J * } sucn tnat the 
Description of the Related Art 

wheel-support bearing unit 1 is combined with the constant-velocity joint 2. gnd 
[0003] Here, the whee.-support bearing unit 1 compnses an < * ^^^^^^toth. knuck , e 

end of this drive-shaft member 1 8, and rt freely fits in the first spline no.e " locations in the 

,or the constant-velocity joint is formed on the inside end of the dnve-shaft r^^^^SZJl joint, there 

members 6 are properly pre-loaded. 
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[0007] Furthermore, when installed in the suspension of an automobile, the male spline 27 that is formed on the 
outside end of the drive shaft 26 makes a spline fit with the second spline hole 20 that is formed in the center of the 
inner ring 16 for the constant-velocity joint. A stop ring 29 that fits in the installation groove 28 that is formed all the 
way around the outer peripheral surface on the outside end of the male spline 27 fits in an anchoring step section 30 

5 that is Formed around the edge on the opening on the outside end of the second spline hole 20, and this prevents the 
male spline 27 from coming out from the second spline hole 20. The output shaft section of the differential gear, not 
shown in the figure, is provided with the trunnion of a tripod-type constant-velocity joint, also not shown in the figure, 
and the inside end of the drive shaft 26 is connected to the center of the trunnion. As the automobile moves, the drive 
shaft 26 rotates at constant rpm, however a thrust load is repeatedly applied in both axial directions due to the resistance 

10 of the tripod-type constant-velocity joint that occurs during rotation. 

[0008] In the wheel drive apparatus for an automobile described above and shown in Fig. 3. the wheel-support roller- 
bearing unit 1 and constant-velocity joint 2 are fastened together by screwing and tightening a nut 25 to the screw 
section 24, so the weight of the unit is large. In other words, it is necessary to lengthen the spline shaft 17 by the 
amount of the male screw section that is formed on the spline shaft 17 on the outside of the constant-velocity joint 2, 

15 as well as a nut 25 is necessary. Therefore, the dimension in the axial direction, as well as the weight, of the wheel 
drive apparatus for an automobile increases by the amount of the screw section 24 and nut 25. 
[0009] In regards to this, as shown in Fig. 4, US Patent No. 4,881,842 discloses a more simple construction that 
makes it possible to fasten the wheel-support bearing unit and constant-velocity joint in a way such that the dimension 
in the axial direction is shortened and the weight is reduced. In this second example of prior construction shown in Fig. 

20 4, the hub 4 is supported on the radially inside of the outer race 3, which is fastened to the knuckle 8, such that it can 
rotate freely by way of the rolling members 6 that are arranged in a plurality of rows. In addition, the spline shaft 1 7 of 
the drive-shaft member 1 8a fits in the first spline hole 1 4 that is formed in the center of the hub 4. There is an installation 
section 31 formed on the surface of the outside end of this spline shaft 1 7 for attaching a fitting tool for taking the spline 
shaft 17 into the first spline hole 14. Also, this spline shaft 17 is prevented from coming out of the hub 4 by a stop ring 

25 33 that is fastened in an installation groove 32 formed around the outer peripheral surface on the tip end of the spline 
shaft 17. In this state, an elastic ring 34 is elastically compressed between the hub 4 and the outer ring 15 for the 
constant-velocity joint of the drive-shaft member 18a, to prevent the spline shaft 17 from rocking and moving inside 
the hub 4. In this second example of prior construction, the wheel drive apparatus for an automobile is made more 
compact and lighter by using the stop ring 33 for connecting the wheel-support bearing unit 1 a and the constant-velocity 

30 joint 2a. 

[0010] in the case of the second example of prior construction described above, although the apparatus is made 
more compact and lighter, it is difficult to maintain adequate durability as is. The reason for this is explained below 
referring to Figs. 3, 4. 

[0011] When the wheel-drive apparatus for an automobile is operating and the driving power (torque) is transmitted 
35 while the center axes of the outer ring 15 and the inner ring 16 for the constant-velocity joint of the Rzeppa-type 
constant-velocity joint 2 (Fig. 3), 2a (Fig. 4) are not concentric (angle of intersection is not 1 80 degrees), then the force 
that acts on the balls 22, and the inside engaging grooves 21 and outside engaging grooves 1 9 of the constant-velocity 
joint 2 is no longer applied to the same horizontal surface orthogonal to the center axis. Therefore, a bending moment 
acts on the drive-shaft members 18 (Fig. 3), 1 8a (Fig. 4), and the drive shaft 26. Furthermore, in the case of unevenness 
^o in the pitch of the outside and inside engaging grooves 19, 21 due to manufacturing error, a component of load also 
occurs in the radial load direction as a resultant force of contact loads on the outside engaging grooves 19 and inside 
engaging grooves 21 and the balls 22. When a load component in the radial load direction occurs due to this kind of 
resultant force, the cross section of the drive-shaft members 18 (Fig. 3), 18a (Fig. 4).and the drive shaft 26 are not 
only equally loaded by a twisting torque and bending moment, but they are also loaded by a bending moment due to 
45 the aforementioned radial load that is multiplied with a distance in the axial direction from the balls 22 of the constant- 
velocity joint 2 (Fig. 3), 2a (Fig. 4). 

[0012] In the case of the drive shaft 26, since the distance in the axial direction from the balls 22 of the constant- 
velocity joint 2 to the base end of the male spline 27, which is the weakest part, is short, so that the load due to the 
bending moment of the aforementioned radial load is small. On the other hand, in the case of the drive-shaft members 

so 18 (Fig. 3), 18a (Fig. 4), the distance in the axial direction from the balls 22 of the constant-velocity joint 2 to the base 
end (inside end) of the spline shaft 17, which is the weakest part, is longer than the distance to the weakest point of 
the drive shaft 26. Therefore, the bending moment due to the aforementioned radial load becomes larger than the 
bending moment at the weakest part of the drive shaft 26. tn addition, the effect of the load that acts between the 
outside and inside engaging grooves 19, 21 and the retainer 23 can also be taken into consideration, however, it is 

55 considered that the difference between the drive-shaft members 1 8 (Fig. 3), 1 8a (Fig. 4) and the weakest part of the 
drive shaft 26 in fatigue strength, is outstandingly affected by the bending moment due to the aforementioned radial load. 
[0013] The inventors of this invention performed tests on a driven wheel apparatus for an automobile in which the 
wheel-support bearing units 1 (Fig. 3), 1a (Fig. 4), arc combined with the constant-ve I ocity joints 2 (Fig. 3), 2a (Fig. 4) 
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form a module 1 . The results of the lest are shown in Table 1 . 
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[0014] As can be dearly seen from the test results, in the case o, us ng the " hub sjde and the 

Leel-support bearing unit 1 with the constant-velocrty jo.nt ^^TJZ^s^Xe ^ the number of cycles 

damaged in all cases, and the number of cycles until failure "^g"^ £hort due t0 the dfflere nce in the 
[0015] The reason that the Itte of the spline frtt-ng sect.cn 35 ^"J^ " « 2«ffta 4) is asfoilows. First, 
connection of the wheei-support bearing units 1 , la and 

in the case of construction using a nut 25 as shown .n F,g. 9 ^^^^^Zr race 5 and the surface 
surface of the washer 37 attached to the nut 25, and ^^^^£S^t (friction engagement) 

are reduced by that amount and the durability of this base is improved. 
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[0016] On the other hand, in the case of construction using a stop ring 33, as shown in Fig. 4, there is no strong 
contact (friction engagement) between the inside surface of the siop ring 33 and the surface on the outside end of the 
hub 4, and the surface on the inside end of the inner race 5 and the surface on the outside end of the outer ring 15 for 
the constant-velocity joint The contact force is limited (small) by the elastic force of the elastic ring 34 : so that the force 

5 of the friction engagement on the contact surface is small, and the amount that this portion supports the twisting torque 
and the. bending moment is very limited. Therefore, most of the twisting torque and bending moment act on the base 
of the spline shaft 17. The cross-section of each surface is loaded by an uneven load, and when considering the size 
of the bending moment due to the aforementioned radial load, the base of the spline shaft 1 7 is loaded by a bending 
moment that is larger than the bending moment acting on the base of the male spline 27, that is formed on the outside 

w end of the drive shaft 26, so when the shaft diameters are the same, the base of the spline shaft 1 7 is damaged first. 

Summary of the Invention 

[001 7] Taking the above problems into consideration , an object of this invention is to provide a wheel-drive apparatus 
15 for automobile that makes it possible to effectively maintain adequate durability even when the wheel-support bearing 
unit and constant-velocity joint are connected by a stop ring. 

Brief Description of the Drawings 

20 [0018] Fig. 1 is a cross sectional view showing a first example of the embodiment of the present invention. 

[0019] Fig. 2 is a cross sectional view showing a second example of the embodiment of the present invention. 

[0020] Fig. 3 is a cross sectional view showing a first example of the prior art structures. 

[0021] Fig. 4 is a cross sectional view showing a second example of the prior art structures. 

25 Detailed Description of the Preferred Embodiments 

[0022] Accordingly, the wheel-drive apparatus for automobile of this invention comprises: an outer race, hub, a plu- 
rality of rolling members, a drive-shaft member, stop ring, outside engaging grooves, inner-ring for constant-velocity 
joint, a plurality of balls for constant-velocity joint, and a drive shaft. 
30 [0023] Of these, the outer race does not rotate during operation, and comprises: a first flange around its outer pe- 
ripheral surface for fastening to the suspension apparatus, and a plurality of outer-ring raceways around its inner 
peripheral surface. 

[0024] Moreover, the hub comprises a second flange around its outer peripheral surface near the outside end for 
supporting the wheel, a first inner-ring raceway that is formed in the middle of the hub directly or on a separate inner 
35 ring, a first spline hole that is formed in the center of the hub, and an inner ring, that has a second inner-ring raceway 
formed around its outer peripheral surface, fits around and is fastened to the outer peripheral surface of the hub on 
the inside end. 

[0025] Furthermore, a plurality of rolling members are located between each of the outer-ring raceways and the first 
and second inner-ring raceways, such that they rotate freely. 
40 [0026] The drive-shaft member comprises a spline shaft on its outside end that fits in the first spline hole, and its 
inside end functions as the outer ring for the constant-velocity joint. 

[0027] The stop ring is located between and engaged with the inner fitting section, that is formed ail the way around 
the outer peripheral surface on the outside end of the spline shaft, and the outer fitting section, that is formed around 
the inner peripheral surface of the hub in the section that faces the inner fitting section, and this stop ring prevents the 
45 spline shaft from coming out of the spline hole. 

[0028] The outside engaging grooves are located at a plurality of locations in the circumferential direction around 
the inner surface of the outer ring for the constant-velocity joint, and they are each formed such that they are orthogonal 
with respect to the circumferential direction. 

[0029] The inner-ring for the constant-velocity joint is located on the radially inside of the outer ring for the constant- 
50 velocity joint, and there is a second spline hole formed through its center, and on its outer peripheral surface, there 
are inside engaging grooves that are formed such that they correspond with the outside engaging grooves and are 
orthogonal with respect to the circumferential direction. 

[0030] The balls are located between the inside engaging grooves and outside engaging grooves such that they can 
roll freely along the grooves. 

55 [0031] The drive shaft comprises a male spline section that is formed on it outside end, and the male spline makes 
a spline fit inside the second spline hole. 

[0032] Furthermore, with the wheel-drive apparatus for an automobile of this invention, the minimum outer diameter 
of the base end of the spline shaft is larger than the diameter of the groove bottom in the male spline formed on the 
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outside end of the drive shaft. 0 ..,„ mnh iiP of this invention, constructed as described above, it is 

[0033] With the wheel-drive apparatus or °P eration even Wh6n ^ 

possible to maintain the strength of the splme haft ^"^^^ and I is "possible to maintain adequate 
support bearing unit and constant-velocity ,omt are <«»*^£ J£ are Tlpeatedly applied during operation, 
durability regardless of the twisting momen ^.^^"SJjSto is charactered by construction that makes 
[0034] Fig. 1 shows a first embodiment of the «^^"J^*««t bearing unit 1b and the constant- 
H possib.e to effectively maintain adequate > durably ^^^n iSfunotton of other pans are nearly the 
velocity joint 2a are fastened together by a stop rngl *f™>™ « co(Je numbers are given for identical parts 

:r a ; s r nd tr e & - — — on the ,eatures of this ,n - 

SJ a ===de^ 

on the inside end of the hub 4a from coming ^^J^J^Sioli. f omied on the inside end of the hub 
38 on the inside end of the hub 4a. In other words. M*. ^ «*« ^ fe ed 

4a, and after the inner race 5 is fitted over the ■ m *2T5^h. surf ace on the inside end of the inner race 5 ,s 
outward in the radial direction to form the cnmped sect.on 38, and the 

held by this crimped section. onn _ roove mentioned above, is formed all the way around 

[0036] An engaging groove 32 that ,s the .nsrie > engagmg groove menUo ^ ^ ^ ^ fe 

the end section (outside end) of the sphne shaft 1 7a of tte dnve ^ ha outer . diame ter haff of the stop nng 

inserted in the tot spline hole that is f om \ e t d ^ra^ve 32 5te wi5, the fitting step section 39 that te formed 

33a, whose inner-diameter half is fastened to kWJ „ that the spline shaft 17a is prevented from 

elasticity compressed as it passes through the f. st^ splme ho ^ between tne engagin g groove 

other hand, the seal ring 41 , that is located between £ msrie surface £ P ^ lhen - Md belween 

the outside end of the outer ring 1 5 for the ^^^^^^^^ ou ter ring 15 for the constant-velocity 
, these surfaces, and it covers the space between ^^^JS^J from getting Lde the splinef itting section 

^~ 9 whenthes P ,ineshaft17a 

o 33a, and with the seal ring 41 attached between »«^^™ a space between the inside surface of the 
outside end of the outer ring 1 5 for the constant-yelocrty jo.nt, here exists a p drive . s haft member 

crimped section 38 and a step section 42 that ,s formed on the ^^^ M mm or , es s. The reason for this 
1 8 b In this invention, the dimension of this space " ^^££L*2 of displacement due to the thrust .oad 
is, to prevent wear of the spline fitting secfon 35 on the hub s. J ™JJ ^ even wne n the hub 4a and the 

. applied during, operation, and to prevent the sea. nng ,41 J^^^JK. of the cri m P ed section 38 comes in 
drive-shaft member 1 8b come close together to ttaf»nt^ ms.de member ,s 

contact with the step section 42 due to the ^^l^^^Sy inner section of the cnmped section 38 

of the base (inside end) of the spline shaft « ^^^£^5* shaft 17a, there are two cylindrical 
on the outside end of the drive shaft 26. ^.^^f n ^^ mum outer diameter slightly smaller than the 
portions, one of which is a neck or construed sectoo 43 wrth a mmim ^ ^ ^ 1?a by 

* groove diameter of the male spline in order ^^S^^S^ the groove diameter D 27 of the male 
a broaching process. The outer diameter D 43 , of toj^**™> " JJ djmension „ for a „heel-dnve 
spline 27 by a range of 1 to 3 mm, or preferably, 2 mm (D43 — U27 + * I 


apparatus for an automobile. 


6 


EP1 125 765 A2 


[0041] With the wheel-drive apparatus for an automobile of this invention., constructed as described above, it is 
possible to maintain the strength of the spline shaft 17a of the drive-shaft member 18b during operation, even in the 
structure where the wheel-support bearing unit 1b and the constant-velocity joint 2a are fastened together by a stop 
ring 33a so that the construction of the apparatus is made more compact and lightweight. In other words, by the amount 

5 that the outer diameter of the weakest section or neck section 43 } that is formed on the base end of the spline shaft 
17a, is increased, il is made possible to prevent the strength of the neck section 43 from becoming severely less than 
the strength of the outside end of the drive shaft 26. Therefore, the durability of part of the components of the wheel- 
drive apparatus for an automobile of this invention is prevented from becoming severely less than the durability of other 
parts, and thus it is possible to maintain the durability of the entire wheel-drive apparatus for an automobile regardless 

10 of the bending moment that is repeatedly applied during operation. The spline shaft 17a can be processed by rolling. 
In that case, there is no need for relief, so it is possible to make the dimension of the diameter at the base end such 
that it is the average value of the spline groove diameter and outer diameter, however, this kind of shape has a high 
concentrated stress coefficient regardless of the outer diameter being increased, and it has been experimentally con- 
firmed that the strength decreases. So, even if the spline shaft 17a is processed by rolling, it is preferable to form a 

15 neck section. In that case, the outer diameter of the neck section 43 should be larger than the groove diameter 
Dgy of the male spline 27 to equalize the each strength also. 

[0042] Next, Fig. 2 shows a second embodiment of the invention. In this embodiment, an engaging groove 44 is 
formed all the way around the base end of the spline shaft 17b. The space between the outer peripheral surface on 
the base end of the spline shaft 17b and the inner peripheral surface on the inside end of the huh 4a is sealed by an 

20 O-ring 45 that fits in the engaging groove 44. The O-ring 45 corresponds to the seal ring previously mentioned, More- 
over, the seal ring 41 (see Fig. 1) : as described in the first embodiment, is omitted. In this embodiment, the groove 
diameter of the engaging groove 44 is larger than the groove diameter D 27 of the male spline 27 that is formed on 
the outside end of the drive shaft 26 by 1 to 3 mm : and preferably 2 mm (D^ % D 27 + 2 mm). In addition, in this 
embodiment, the spline diameter D 17b of the spline shaft 17b is larger than the diameter D 27 of the male spline 27 by 

25 4 mm (D 17b ^D 27 + 4 mm). In order that it is possible to sufficiently maintain the diameter D44 of the groove bottom in 
this engaging groove 44 when this engaging groove 44 is formed, a relatively thin ring with cross-sectional diameter 
of about 3 mm in uncompressed state is used as the O-ring 45. 

[0043] Incidentally, in this example, there are four cylindrical portions at the base (from portion 43 to portion 44) of 
the spline shaft 1 7b, and the minimum diameter in the cylindrical portions is the minimum outer diameter of the base. 

30 [0044] With the construction of this embodiment, in addition to the function and effects that are the same as the first 
embodiment, the following function and effects can be obtained. In this embodiment, by the fact that the seal construc- 
tion, for preventing foreign matter from getting into the spline fitting section 35 on the hub side, is located in the radial 
direction, it is possible to reduce the distance L between the center of displacement of constant-velocity joint 2a and 
the installation surface of the second flange 10 for supporting the wheel, more than when the construction is in the 

35 thrust direction as described for the first embodiment. Therefore, it is possible to reduce the force (steering moment) 
required for moving the hub 4a, that applies the steering angle, back and forth around the center of displacement. This 
contributes to reducing the overall weight of the automobile by making it possible to make the power-steering apparatus 
more compact. In the case of this embodiment, the inside surface of the crimped section 38 that is formed on the inside 
end of the hub 4a directly faces the surface on the outside end of the outer ring 15 for the constant-velocity joint, 

40 however, the dimensions and shapes of all the parts are precisely regulated such that the space existing between 
these surfaces is within 0.5 mm, in order to control the movement in the axial direction of the spline fitting section 35 
on the hub side. 

[0045] The wheel-drive apparatus for an automobile of this invention functions as described above, so it is possible 
to maintain sufficient durability even when the wheel-support bearing unit is fastened to the constant-velocity joint by 
45 a stop ring, and the apparatus is made more compact and lightweight. 


Claims 

50 1. A wheel-drive apparatus for an automobile comprising; 

an outer race having an outer peripheral surface on which a first flange is provided to be fixedly connected to 
a suspension, and an inner peripheral surface on which outer ring raceways in rows are formed, the outer 
race being not rotatable during use, 
55 a hub having an outer peripheral surface on which a second flange is provided to support a wheel at an outside 

end portion thereof, and a first inner ring raceway is formed at a middle portion thereof, and an inner race is 
provided at an inside end portion thereof, the inner race being fixedly fitted onto the hub and having an outer 
peripheral surface on which a second inner ring raceway is formed, and the first inner ring raceway being 
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Fig. 1 
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(57) A wheel-drive apparatus for an automobile 
comprises a fixed outer race (3) adapted to be fixedly 
connected to the suspension and having an inner pe- 
ripheral surface on which outer ring raceways in rows 
are formed, a wheel-supporting hub having a first inner 
ring raceway formed at a middle portion thereof, and a 
fixed inner race at an inside end portion thereof, the in- 
ner race having an outer peripheral surface on which a 
second inner ring raceway is formed, and the hub (4) 
having a first spline hole (14) formed at the center there- 
of, and a plurality of rolling members (6) rotatably pro- 
vided between the outer ring raceways and the first and 
second inner ring raceways, respectively. 

A stop ring (33a) is provided between and engaged 
with the radially inside fitting portion and the radially out- 
side fitting portion to prevent the spline shaft (1 7a) from 
coming away from the spline hole (14). 


Fig. 1 
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